but this can be counteracted by radiation pressure. Convective mixing, accretion or mass loss via a weak wind may also playa Significant role in determining the heavy-element content of white dwarf atmospheres. Shipman (1976) made the now universally accepted proposition that the X-ray/EUV flux from DA white dwarfs was, in fact, from their hot photospheres. He pointed out that, since the emission· would emerge from the· hotter, deeper layers of the stellar atmosphere, X-ray/EUV observations should provide a sensitive probe of its structure and composition. This important idea has underpinned all subsequent X-ray/EUV studies of white dwarfs. In particular, it was possible to demonstrate, from an analysis of 30 catalogued DA white dwarfs detected in the ROSAT All-Sky Xray and EUV Surveys, that most white dwarfs hotter than ~ 40000 K contain significant quantities of elements heavier than either H or He, while below this temperature the stars can be represented by more or less pure H atmospheres . Subsequent studies, increasing the numbers of white dwarfs in the sample (e.g. Marsh et al. 1995; Wolff, Jordan & Koester 1996) , have confirmed these results.
The data provided by ROSAT have led to a clear breakthrough in our understanding of the general properties of the atmospheres of the hot DA white dwarf population. However, the full exploitation of this resource would not have been possible without prior knowledge of the temperatures, gravities and visual magnitudes of the stars detected. These parameters, derived for the most part from optical observations, serve to specify the EUV/X-ray flux for a given model composition. In principle, if the composition of the white dwarf atmosphere is known, the entire spectrum can be modelled from the temperature and gravity. The visual magnitude then acts as a convenient normalization factor defining the ratio between stellar distance and radius. Thus the remaining free parameters, related to the photospheric and intervening interstellar opacity, can be determined from the data.
. When ROSAT was launched, this necessary information was available for only a relativ:ely small number of already catalogued white dwarfs, and this was the main factor limiting the size of the sample in the first analysis of the survey. Approximately 176 white dwarfs Were ultimately detected by the X-ray telescope (Fleming·et aL 1996) , and 120 were seen in the EUV. CQnseq~ent1y, the 'original survey sample can potentially be increased by a factor of 4, although in practice not all ROSAT detections are bright enough to provide useful information. These additional objects include a number of known white dwarfs not previously reported as X-ray sources, and not well studied at optical wavelengths, together with a substantial number of newly discovered stars. This latter group account for ~ 50 per cent of the total number of white dwarfs in the ROSAT catalogues.
A determination of effective temperature and surface gravity of a white dwarf can be obtained from the profiles of the hydrogen Balmer lines in the optical spectrum, comparing observations with the calculations of theoretical model atmospheres. This technique was pioneered by Holberg et al. (1985) and Kidder (1991) . Bergeron, Saffer & Liebert (1992, hereafter BSL) , have used it to carry out a systematic study of the DA white dwarf population. Combining these results with the white dwarf evolutionary sequences of Wood (1992) , they were able to estimate the stellar masses and, consequently, obtain the mass distribution of the sample. This spectroscopic technique provides a more detailed picure than earlier photometric studies. However, statistical work of this nature often has a number of limitations. The BSL sample of 129 DA white dwarfs is the most extensive study reported in detail, for which the measured mean mass was 0.56 Mo. However, the sample spanned only the temperature range from ~ 13 000 to 40000 K, and the number of white dwarfs with temperatures above ~25 000 K, the point at which X-ray/EUV emission becomes significant, made up no more than 25 per cent of the total. Consequently, the BSL sample does not overlap significantly with the stars in the ROSAT survey; indeed, only eight of their stars have been detected as X-ray/EUV . sources, and their results are not necessarily representative . .of the hotter, younger population we have observed.
More recently, some results have been presented extending study of the mass distribution up to higher temperatures. have studied a sample of 'white dwarfs with temperatures above 15 000 K, drawn from the Palomar Green survey and including 200 white dwarfs. They obtain a slightly higher mean mass of 0.582 when carrying out the analysis with the earlier evolutionary models, which did not include an outer hydrogen layer. . However, using new models with thick hydrogen layers (10-4 Mo; Wood 1995), which are more in keeping with theoretical predictions, yields a still higher value of 0.609 (note: wid). these models the BSL sample mean increases to 0.590). Finley (1995) reports a study of 177 DA white dwarfs with temperatures above 24000 K, obtaining mean masses of 0.601 and 0.63 Mo (Finley, private communication) with the zero and thick hydrogen layer mass models respectively, higher than either BSL or . However, this sample is rather more heterogeneous than that drawn from the PG survey, containing a significant fraction of EUV -selected objects besides those discovered by optical means. , . All these re~rled mass distributions are dominated by stars selected by optical observations. As point out, these are strongly biased against the highest· mass stars with the smallest radii. Selecting stars on the basis' of their EUVemission may diminish this effect to some extent. Radiative levitation calculations (e.g., most recently, Chayer et al. 1994 Chayer et al. , 1995 predict that photospheric abundances of heavy elements should depend strongly on gravity, higher gravity stars having a lower heavy-element content. Consequently, those white dwarfs with the greatest mass should also be the most luminous in the EUV. How much this can counteract the effect of smaller radius will, however, depend on the stellar temperature, since the radiative levitation mechanism becomes efficient only above 40000 K In addition, other, different, selection effects may operate on the EUV sample, for example, interstellar absorption and effective temperature, to which the observed EUV flux is very sensitive. We present here a detailed comparison of the EUV -selected sample of white dwarfs with those drawn from the optical catalogues. A larger number of low-gravity objects are found in the ROSAT WFC survey, which is consistent with the bias to high white dwarf temperatures. However, more import-antly, we find an excess of high-mass objects in the ROSAT group. This might arise from the preferential selection of those white dwarfs with the highest EUY luminosity, with high gravity counteracting the effect of radiative levitation, lowering the abundances of heavy elements and, as a consequence, the photospheric opacity in the EUY. Alternatively, the excess may be a product of the bias to higher white dwarf temperatures. As Finley (1995) points out, there is a sharp decrease in the cooling rate of massive (> 1 Mo) white dwarfs in the range 40000-50000 K, which would increase the numbers of such stars in this interval, compared to the 'normal' (lower mass) population.
THE ROSAT SKY SURVEY AND OPTICAL IDENTIFICATION PROGRAMME
The ROSAT satellite, launched in 1990 June, carries two 00-aligned imaging instruments, an X-ray telescope (XRT) (Pfefferman et al. 1986 ) and the Wide Field Camera (WFC) (Sims et al. 1990) , covering the EUY waveband. The prime objective of the mission was to carry out the first survey of the entire sky in both the EUY and X-ray during the first 6 months of operation. The EUY survey was conducted in two bands, the S1 filter covering the range 60-140A (90-200 eV), and the S2 filter for 112-200 A (60-110 eV). A complete catalogue of X-ray sources has not yet appeared, but the white dwarf fraction has been published by Fleming et al. (1996) , who list the 'C band' (0.1-0.28 ke V) count rates for each detection. Two catalogues of EUY sources have been produced from analysis of the WFC data. The Bright Source Catalogue (BSC) (Pounds et a1. 1993) contains 119 identified white dwarfs, while a second catalogue (2RE) with lower detection thresholds yields only six more (Pye et a1. 1995) , although the total number of sources is increased from 383 to 479. Around 35 2RE EUY sources have yet to be identified optically but, as the vast majority (;::;75 per cent) of the identified new sources are active stars, we may expect only a few further white dwarf discoveries. Hence the EUY-selected sample of white dwarfs is drawn predominantly from the BSC.
Once EUY sources had been detected in the initial survey analyses, the next step was to identify the optical counterpart, initially through cross-correlation of source positions with astronomical catalogues. When no catalogued counterpart could be found, the EUY source fields were included in a programme of optical spectroscopic follow-up observations (Mason et a1. 1995) . From this work ;::;50 new white dwarfs were found. The complete sample is listed in Table 1 , ordered by BSC name and including the most commonly used name for those stars already catalogued. Also indicated are a number of objects found in astronomical catalogues but which were not previously known to be white dwarfs (e.g., REJ0237 -12=PHL 1400).
3 OPTICAL SPECTROSCOPY
Observations
As hot DA white dwarfs are thermal sources of radiation with spectra peaking in the EUY and soft X-ray, their spectral shape and hence their observed count rates in the ROSAT bandpasses are very sensitive to Teff . It is therefore important that Teff is well determined, in order to fully utilize the ROSAT survey data. This work demands relatively high signal-to-noise spectra (SIN;:::: 50) of moderate resolution (~8 A), and the data from the optical identification programme were, in general, unable to fulfil this requirement. Consequently, a programme of spectroscopic observations was undertaken in both northern and southern hemispheres to obtain data for the newly discovered group of white dwarfs and those catalogued stars where suitable spectra did not exist.
Southern hemisphere observations were made in 1993 October and 1994 March usirig the 1.9-m Radcliffe telescope of the South African Astronomical Observatory (SAAO), with the Unit spectrograph and Reticon photon counting system (RPCS). The RPCS has two arrays, one which accumulates energy from the source while the other records the sky background through an adjacent aperture. The grating was blazed to cover a wavelength range of 3600-5100 A and had a reciprocal dispersion of 75 A mm -1, yielding a resolution of ;::;2.5 A (FWHM). Flat-field spectra were obtained at the start and end of each night, and wavelength calibration was provided by a CuAr arc lamp which was observed at the beginning and the end of each spectrum acquisition. Several spectrophotometric standards such as LDS 678A were observed in order to convert the observed counts to flux.
Stars in the northern hemisphere were observed with the Steward Observatory 2.3-m telescope on Kitt Peak. This instrument is equipped with a Boller & Chivens spectrograph and a UY-flooded 800 x 1200 Loral CCD detector. The grating was also blazed to cover the spectral range occupied by the Balmer lines, and gave a resolution of ;::; 8 A (FWHM). The spectra were then flat-fielded and converted to flux using observations of standard stars. A detailed description of thee reduction procedures can be found in Kidder (1991) . All data were acquired at the parallactic angle using 1.25-or 2.5-arcsec slits, depending upon the seeing conditions. Fig. 1 shows a representative sample of 18 flux-calibrated spectra obtained in both northern and southern hemisphere programmes.
Determination of temperature and gravity
Comparison of previously published DA temperatures derived from Balmer line fitting reveals that systematic differences in the values determined may occur as a result of using different model spectra. This problem was first noted by Bergeron, Wesemael & Fontaine (1991) , who identified the cause as arising from the treatment of the high-lying levels of hydrogen in the model atmosphere calculations. For example, work included in Kidder (1991) used an extended grid of line-blanketed homogeneous LTE models computed by F. Wesemael (Wesemael et al. 1980) , whereas Finley, Koester & Basri (1997) employed fully line-blanketed homogeneous LTE models developed by Koester (see Koester 1991 and Finley et a1. 1997) . A comparison of these results shows that, while the temperatures obtained by Kidder (1991) are similar to those of Finley et aI., the surface gravities of the former sample are on average 0.08 dex higher (Finley, private communication) . The more recent Koester models do take into account higher excitation levels of the H atoms, giving more reliable results, and these are Barstow et al. 1992) . CWFC rates derived from 2RE catalogue (Pye et al. 1995) . dpSPC rate is after subtraction of a dMe companion, and should be treated as an upper limit (see Barstow et al. 1995a ). '-' in the error column indicates that the count rate is an upper limit.
used in the current work. Consequently, as part of our programme, we have reanalysed 48 spectra for which Teff and logg have already been published (e.g. Kidder 1991; Barstow et al. 1993 ) to ensure that we have an internally consistent set of values for the subsequent detailed study of this white dwarf sample. DA white dwarfs are defined as having no detectable helium in their optical spectrum. However, a potentially important effect that may influence the results of Balmer line fitting is discussed by Bergeron et al. (1994) . They have shown that for DA stars, homogeneous helium abundances of He!H ~ 10-5 -10-4 , which yield no detectable He II absorption at either 4686 or 1640 A, can significantly reduce the derived effective temperature compared to that for a pure hydrogen atmosphere. For example, a 52000 K DA with a homogeneous helium abundance of He!H=10-4 could be interpreted as having Teff = 60 000 K if it were assumed to be pure H. This effect is even stronger at higher temperatures, giving a discrepancy as high as 25 per cent around 80 000 K. If these levels of He were really present in the hot DAs, the net effect would be a non-linear compression of the temperature scale towards the hot end. Nevertheless, comparisons between individual objects would still be valid unless the abundances of helium varied considerably at a given T eff . However, conversely, Napiwotzki (1995) has demonstrated that the effect trace helium has on the Balmer lines in the work of Bergeron et al. (1994) may be exaggerated due to the assumption of LTE. Also, observations of hot white dwarfs with EUVE (e.g. Barstow, Holberg & Koester 1994a ,b, 1995 have shown evidence for a significant He abundance in only one DA, the exceptionally massive star GD50 (Vennes, Bowyer & Dupuis 1996) . This suggests that helium has a minimal influence on the hot DA temperature measurements and that, on this evidence, pure H models should be appropriate for determining the DA temperature scale.
On the other hand, both EUVE and IUE spectra (e.g. Vennes et al. 1992; Holberg et al. 1993; Dupuis et al. 1995; Barstowet al. 1996) do show evidence for significant abundances of elements heavier than helium in a number of the very hot DAs. These elements may well have a similar effect to helium on the Balmer lines. This is being investigated, but the evidence is conflicting. Driezler & Werner (1993) found that with non-LTE model atmospheres, the inclusion of line blanketing from Fe-group elements had a very small effect on the hydrogen line profiles. Alternatively, Lanz & Hubeny (1995) found that the inclusion of heavy elements in their non-LTE models did have a significant effect on the profiles. Koester (1996) finds that heavy-element blanketing in LTE models could lower the measured effective temperature of the hot DA G191-B2B by ~5000 K, while a recent non-LTE study of this star, including an increased level of Fe line blanketing, shows that the possible effect on the accuracy of temperature determination could be as large as 20 , -----, ------, -----, ------, -----, ------, ------, ---- 0::
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Wavelength Figure 1 . Representative optical spectra, from both northern and southern hemisphere progranlffies, for the sample of white dwarfs detected by the ROSAT WFC during the All-Sky Survey.
about 10 per cent . In this analysis, we only use pure H models and, consequently, temperature values for stars which contain significant quantities of heavy elements may have uncertainties which are much larger than the formal errors. This potential problem will only apply to stars with effective temperatures in excess of 55 000 K We have used the homogeneous and stratified grids of H + He model atmospheres provided by Detlev Koester (e.g. Koester 1991; Finley et al. 1997) . These span the temperature range 20000-100000 K and logg from 7.0 to 9.0. Except for those stars known to be DAO white dwarfs, the analyses were carried out in the limit of negligible helium abundance or large hydrogen layer mass (MH ), equivalent to pure H atmospheres. For most of the stars, Hp, H y, H~ and H.lines were included in the analysis. However, several of the observations obtained by Kidder (1991) spanned only Hy and H~ lines. Our spectral fitting technique is described in several earlier papers (e.g. Barstow et al. 1994c ), but, as the results presented in this paper rely on it completely, we repeat the details here. The analysis was performed using the program XSPEC (Shafer et al. 1991) , which adopts a X 2 minimization technique to determine the model spectrum giving the best fit to the data. Models were convolved with the appropriate instrument resolution, and all the lines included were fitted simultaneously, with an independent normalization constant applied to each, ensuring that the result was independent of the global slope of the continuum and reducing the effect of any systematic errors in the flux calibration of the spectrum. The SAAO RPCS, used to record the southern hemisphere spectra, is a photon-counting instrument. Consequently, the data errors can be determined simply from the Poisson statistics associated with the source and background counts in each spectral bin. However, in dealing with the CCD spectra obtained at the Steward Observatory, it is difficult to determine errors on individual points, and we take the following approach. First, an initial fit to the data is performed without any errors included. From the scatter on the residuals between the best-fitting model we estimate the average errors on the data points, which are included in a subsequent fit. In addition, for both RPCS and CCD data, we correct for any systematic deviation in the spectral slope between model and data, arising from errors in the flux calibration in the locality of each line. With the CCD data, a second spectral fit results in no change to the best-fitting parameters but, with the inclusion of errors on the data points, yields a lower reduced X 2 • To make sensible estimates of the uncertainty in the fitted parameters, the value of the reduced X2 should be less than ~ 2, and this is usually achieved with a single iteration of the steps outlined.
Two examples of the procedure are shown in Fig. 2 including two contrasting objects, the very hot DA REJ0029 -63, observed at SAAO, and the cooler star REJ0428 + 16 from the Steward sample. Errors on T eff and logg were determined by allowing the model parameters to vary until the (jX2 reached the value corresponding to the 10" level (bX 2 = 1.0). The errors quoted include only statistical uncertainties and do not take into account any possible systematic effects related to the model or observed spectra. The values obtained for Teft and logg from the profile fitting for the whole sample of 89 objects are given in Table  2 . The 1CT errors are shown as lower and upper bounds to each parameter. Also included her~ are the adopted values for mv for each star in the sample (see Section 4). Where several photometric observations were available, including our results and published photometry (available for 47 stars), a weighted average was taken. Objects for which mv was estimated from the optical spectrum are indicated.
OPTICAL PHOTOMETRY
The simple H + He model atmospheres used to interpret X-ray and EUV data are specified by five main parameters. These are the effective temperature Teft, the surface gravity, the interstellar H I column (NH ), the atmospheric helium abundance (or the mass of the hydrogen layer M H , for a stratified model) and a distance/radius related normalization constant. Since only three independent data points are available from the ROSAT survey, additional information is needed to be able to model the ROSAT data. The optical V magnitude (mv) may be used as a convenient normalization constant, while Teft and logg can be derived from the optical spectra as described above. Magnitude measurements in other bands are equally useful, although it is mv that is most often available for catalogued white dwarfs. To provide optical photometry for the newly discovered white dwarfs and those known stars for which such measurements had not been published, an extensive programme of observations has been undertaken to obtain coverage in the U, B and Vbands. Since the ROSAT survey covers the entire sky, these observations required time on telescopes in both heInispheres. Data were obtained for 18 stars in the southern heInisphere and 25 stars in the north.
The northern heInisphere stars were observed over a twoweek period from 1994 March 28 to April 9 with the 1.0-m Jacobus Kapteyn telescope (JKT) using an EEV7 CCD chip placed at the Cassegrain focus, and a set of Harris UBVRI filters. To increase readout speed, the chip was windowed to 400 x 400 pixel as opposed to the full 1200 x 1200 pixel. Standards were adopted from the Kitt Peak (Landolt 1983) and RGO (Argyle et al. 1988 ) surveys which covered a range of airmass, 1.0 <X < 2.2. In the main, these standards are redder than the white dwarf programme stars and while some blue standards could be observed, giving a complete range in colour of -0.336 < (B -V) < 1.1 and "':"'1.245 < (U -B) < 1.1, the observations were not made under completely photometric conditions. As a result, a small systematic error was introduced into the determination ofmv.
All the CCD data were reduced using standard techniques, after debiasing· and flat-fielding each frame. Standard stars at a range of airmass were observed throughout each night and used to determine atmospheric extinction. Since.the character of the atmosphere is not uniform and, at a given instant, the extinction in various parts of the sky may differ, all the standard observations from different programme during 1993-1994 using the VeT photometer, nights were grouped together to give a mean extinction with GaAs photomultiplier, on the SAAO 0.75-m telescope, curve for the whole observing run. Non-uniformity of the based at Sutherland, South Africa. The data were reduced extinction leads to a scatter in the residuals between the using similar techniques (but dealing with photomultiplier data points and extinction curve. This scatter can be used as rather than CCD data), using observations of E-region a measure of the internal uncertainty for the magnitudes standards to transform the observations to the standard ( ± 0.03 mag), and dominates the statistical errors. The Kron-Cousins system (Menzies et al. 1989) . The Cousins derived stellar magnitudes and colour indices were transsystem gives magnitudes which are equivalent to those formed to the standard Johnson photometric system using obtained using that of Johnson for UBVbands.
the equations of Hardie (1962) .
The combined results for both northern and southern In the southern hemisphere, photoelectric photometry programmes are listed in Table 3 , with the respective obserwas obtained as part of a continuing general photometry vatories indicated. As a consistency check for the JKT pro- Table 3 . UBV photometry of ROSAT DAs. gramme a white dwarf standard, GD 71, was observed on one night. GD 71 has mv= 13.032 (Landolt 1992) and we obtain a value of mv= 15.053, a difference of 0.02 mag, within our predicted systematic error. Furthermore, the star REJ0521 -10 was observed at both the JKT and at the SAAO. REJ0521 -10 has a visual magnitude of 15.815 ± 0.028 and 15.889 ± 0.018 from the JKT and SAAO work respectively, in agreement to within 20'. The value given for REJ0521 -10 in Table 3 is a weighted average. In the sample of stars observed photometrically, it was not possible to obtain spectra for 13 objects, which were generally too faint to observe with the 2.0-m class of instruments at our disposal. Consequently, they are not included in our overall survey of the properties of the EUY-selected white dwarfs but are listed in Table 3 for completeness, as no previously published magnitudes exist.
Deducing mv from the spectrum
Not all the stars for which spectroscopic data were available could be included in the photometric programme. However, useful flux information can be extracted from the spectra and used to provide an estimate of mV. although the photometric accuracy of the data will not be as reliable, as fewer standard stars were used and the quality of sky conditions allowed not so high. The adopted procedure is outlined below.
Stellar flux is related to a magnitude measurement by the standard relation Zombeck 1990 ) for all bands of the Johnson system. While we adopt mv as the normalization constant for analysis of EUY and X-ray fluxes, the optical spectra obtained do not cover the wavelength range of the V band but do include the B band. Consequently, it is possible to determine the value mB and then estimate mv using B -V measurements obtained from those stars for which we do have photometric data. At the temperatures we are considering, the B -V colour depends primarily on Teff and depends only weakly on gravity (see Cheselka et al. 1993) . As Teff has already been determined from the Balmer line profiles for all the stars of interest, it is straightforward to determine B -V from the sample of Cheselka et a!., which is larger and, therefore, statistically more reliable than ours. This procedure was carried out for 25 stars where accurate photometry was not available.
Since photometric observations are available for a significant fraction of the stars for which we have spectral data, a direct test of the reliability of the mv estimates can be made by applying the technique to these objects. Fig. 3(a) shows the comparison for 27 stars observed at the Steward Observatory and indicates that the magnitudes determined from the spectra ev,.) are systematically fainter than the photometric values (Vp). This effect does not appear to be magnitude dependent. Keeping a gradient of 1, a linear fit to the data gives a constant shift in the V. axis of 0.15 compared to the Vp = V. line. This is then an indication of the systematic error which should be subtracted from all values of V. for stars observed at Steward. Interestingly, a sample of 12 stars from the SAAO showed no similar systematic error. Combining these with the corrected Steward values for V. (Fig.   3b ) then enables an estimate of the statistical error from the scatter around the V. = Vp line, yielding 0' = 0.3. This is the value of the error assigned to all the magnitudes estimated from the spectral data and included in Table 2 .
THE MASS DISTRIBUTION OF THE EUV-SELECTED SAMPLE
The sample of DA white dwarfs studied in this work were selected purely on the basis of detection in the EUY by the WFC during the ROSAT all-sky survey. A bias is clearly introduced in that only stars with temperatures in excess of ~25 000 K, above which the EUV emission becomes significant, are included. It is important to investigate any effects of this selection by comparing the sample with other studies, which may have other biases. One way to do this is by comparing mass distributions. Once the temperature and gravity are known, the mass can be found from a theoretical mass-radius relation. Koester & SchOnbemer (1986) demonstrated that, when dealing with hot white dwarfs, the effects of temperature, which cause departures from the zero-temperature mass-radius relation (Hamada & Salpeter 1961) , should be taken into account. This point is reiterated in the work of BSL. Failure to do this will lead to underestimates of the white dwarf mass, because the stellar radius is assumed to be lower than the true value. In their analysis, BSL make use of the evolutionary models of Wood (1992) for DAs with pure carbon cores surrounded by an envelope with composition log (MHe/M *) = -4. Subsequently, this work has been extended to deal with thick (10-4 Mo) H layers, and these new models, spanning a mass range of 0.4-1.1 Mo in steps of 0.1 M o ' have been employed in our work (Wood 1995) . Reid (1996) has used new gravitational redshift measurements to obtain the masses of 34 field (non-cluster) white dwarfs in binary systems. These masses, which are independent of spectroscopic mass determination methods, yield a mean mass of 0.583 ± 0.078 Mo. This is in very good agreement with a redetermination of the BSL spectroscopic masses using the thick H layer Wood models by Bergeron, Liebert & Fulbright (1995) , who find a mean of 0.590 ± 0.134 Mo.
The study of BSL remains the most accurate and complete sample with which to compare the EUV-selected ROSAT objects. While both Finley (1995) and have extended the optical work to higher temperatures than BSL, comparable to the range explored by ROSAT, these results are preliminary and are not presented in a form that allows detailed comparison. In particular, the mass determinations of Finley (1995) relied on the zero H layer mass evolutionary models. Consequently, we compare our sample in detail with that of BSL, but also note the summarized results of . Table 4 lists the mean surface gravities, mean masses and associated standard deviations of the EUV-selected, BSL and Liebert & Bergeron samples. The BSL masses were redetermined using the thick H layer evolutionary models.
The BSL mass and surface gravity distributions are compared with the EUV-selected data in Figs 4 and 5 respectively. To facilitate this analysis, the number frequencies in each mass/gravity bin of the BSL distributions have been scaled to account for the differences in the number of objects included in each sample (89 as compared with 129 objects). It can be seen that the mass distributions have very similar well-defined peaks, with more than 50 per cent of stars lying in the range 0.5-0.6 Mo' The ROSAT distribution has an interesting but modest enhancement in the number of stars with masses in the range 0.65-0.75 Mo by a factor 4, but at larger masses (~1 M o )' there seems to be a large excess of stars compared to BSL. The statistical significance of this high-mass group can be examined by considering the BSL sample to represent a parent distribution of objects and predicting the number of high-mass stars that should be seen in the EUV-selected group if these stars were drawn from the same population. Separating the BSL stars into high-and low-mass groups at 0.85 Mo (124 and five stars respectively), the probability that an individual star has high mass ( > 0.85 Mo) is found to be 0.039. After removing from the ROSAT sample those stars that are already in the BSL data, we are left with a total of 83 objects, and we predict that 3.2 ofthese should have high mass. However, 12 stars in the group fall into this category, an excess of 8.8 compared to the number expected. Therefore the significance of the high-mass excess (excess/prediction) is 2.80', corresponding to a confidence level of 99.7 per cent. We note that a survey of 18 southern hemisphere EUV-selected hot white dwarfs by reveals the presence of three highmass objects. These are also included in our sample. However, with a comparatively small sample size, Vennes et al. were unable to construct a mass distribution or determine the significance of these detections.
Significant differences between the gravity distributions are apparent in Fig. 5 . That of the ROSAT stars peak at logg=7.75, lower than the BSL group which has a maximum at logg=7.9. Indeed the main portion of the ROSAT distribution is offset by 0.15 in logg when compared to BSL. This can be explained straightfolWardly as a result of the higher temperature of the stars in the ROSAT sample. For a A UV-selected sample of DA white dwarfs 381
given mass, higher temperature stars have greater radii and, therefore, lower surface gravity. For example, a 0.6-Mo star will have logg = 8.08 at 40000 K, a typical temperature for an EUV-selected white dwarf, while at 10000 K (a typical BSL temperature) logg=8.23. However, the mean surface gravity is very similar to that found by BSL (see Table 4 ). The reason for this is apparent from Fig. 5 , as discussed above, with the excess of high-gravity objects among the ROSAT stars offsetting the lower gravity peak. The primary difference between the mass distributions of BSL and this work occurs in the high-mass tail of the two distributions. As we have shown, the excess in ROSAT stars above 0.85 Mo is significant at the 99.7 per cent level. discuss the biases which arise in magnitude-limited optical samples such as the PG survey. These. samples are biased against high-mass white dwarfs, because such· stars have smaller radii and thus sample a smaller spatial volume than less massive white dwarfs of the same temperature. If EUV luminosity were mass-independent, then this same bias would also apply in addition to the obvious EUV sampling bias due to the increase of ISM opacity with distance. However, in comparing the BSL sample with the EUV-selected objects, we must remember that we are not considering the same white dwarf temperature range in each case. The BSL mass distribution may not represent that of an optically selected sample covering the same temperature range as the EUV sources. Hence the apparent excess of high-mass stars seen in the EUV data can only be claimed to exist in comparison with BSL, and may not be present in a comparison with an optically selected group spanning the appropriate temperatures. Unfortunately, a suitable sample does not yet exist in the literature.
Both Finley (1995) and make the point that there are large differences between the cooling rates of massive and 'normal' ( ~ 0.6 Mo) while dwarfs in the similar temperature ranges, which affects the number of stars we might expect to find in a given sample. Indeed, the sharp decrease in the cooling rate of massive (> 1 Mo) white dwarfs in the range 40000-50000 K might increase the numbers of such stars in this interval, compared to the 'normal' (lower mass) population. Alternatively, the excess may arise because the high-mass white dwarfs are significantly more EUV-Iuminous than lower mass white dwarfs of the same temperature. Since the photospheric composition of a white dwarf is determined by the balance between radiative levitation effects and gravity, lower abundances of heavy elements and, consequently, lower EUV opacity should be found in those stars with the highest gravities. However, since many of the high-mass white dwarfs have temperatures below ~ 40000 K, where heavy elements are ahnost certainly unimportant (see Barstow et al. 1993 ), this does not seem to be a viable explanation of the high-mass excess.
Whatever selection effect is operating, the presence of a number of previously unknown massive white dwarfs in the EUV sample poses several interesting questions. First, has ROSAT detected a new population of high-mass objects? Secondly, could the group of stars above ~ 0.9 Mo represent a secondary mass peak produced by coalesced binary white dwarfs? Such products of binary evolution may be similar to the excess of low-mass white dwarfs below the He-burning core mass composed of low-mass double degenerate systems. Indeed, one of these high-mass stars, GD 50, has already been suggested as a possible merged degenerate binary by on the basis of its large mass and suggested high rotation rate.
The various possible outcomes of binary white dwarf mergers are discussed by Webbink (1984) and and others. The merger of two He-core white dwarfs may produce sdO and sdB stars, while it is suggested the merger of an He white dwarf with a CO core white dwarf may result in a R CrB star. Yungelson et al. (1994) have considered the formation rate for double degenerate (DD) systems, predicting that approximately one in 55 systems observed is expected to be a DD with a period short enough for a merger to occur within a Hubble time. Fewer will actually have merged to yield the high-mass single objects that we find. If the high-mass stars in the EUV are products of DD mergers the fraction is rather larger than expected. However, the total numbers of such stars in the sample are small and sensitive to statistical fluctuations. Furthermore, the measurement might be affected by the biases already discussed, while the theoretical predictions are dependent on the spectrum of initial binary mass ratios and assumptions about the common-envelope phase. Hence no firm conclusion can be drawn. If it is eventually possible to quantify the magnitude of the selection effect for high-mass systems, through analysis of a suitable optical sample, folding in the effects of different cooling rates, it should be possible to constrain the theoretical models of common-envelope evolution.
CONCLUSION
In this paper we have presented a detailed optical study of the white dwarfs detected by the ROSAT WFC during its sky survey and, therefore, selected on the basis of their EUV flux. The major use of the information on TefI, logg and visual brightness will be to support a subsequent analysis of the EUV and X-ray data. However, the distribution of surface gravities and masses derived from the optical work provides important information about the sample of white dwarfs and gives some indication of possible biases. The most striking result is that ROSAT detects a statistically significant excess in the number of hot, massive DAs that might be expected on the basis of the optical studies, such as that of BSL. However, since the optical and EUV samples do not cover the same range of white dwarf temperatures, the high-mass excess may arise from differences in the cooling rates of 'normal' (~0.6 Mo) and massive (> 1.0 Mo) stars. Consequently, this feature may not be a result of selection on the basis of EUV flux, and might also be present in an optically selected sample covering an appropriate temperature range. Interestingly, these high-mass stars may form a discrete population of merged binary white dwarf systems, but further studies are needed to establish whether or not this is so.
